INTRODUCTION {#sec1-1}
============

Optic neuritis (ON), an immune-mediated inflammatory disorder of the optic nerve, causes loss of vision usually due to swelling and destruction of the myelin sheath around the axons of optic nerve. Direct axonal damage may also play a role in nerve destruction in many cases. It is characterized by sudden partial or complete loss of vision, dyschromatopsia, pain with or without optic disc swelling and afferent papillary defect in asymmetric or unilateral cases and may present as an isolated episode or as the first presentation of multiple sclerosis (MS).\[[@ref1][@ref2]\]

Studies in unilateral ON patients show a decrease in thickness of retinal nerve fiber layer (RNFL) due to axonal loss and macular volume,\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] occurring within 1-6 months after ON\[[@ref4][@ref5]\] and a single event of ON typically results in a mean loss of about 18-22% of RNFL thickness compared to the fellow eye.\[[@ref5][@ref6]\]

Vitamin D plays an important role in bone formation and mineral homeostatis. Studies have also suggested that vitamin D affect immune and central nervous system development and function and has immune-regulatory capacity.\[[@ref8][@ref9][@ref10][@ref11]\] Some *in-vitro* and animal studies suggest that vitamin D supplementation reduced inflammatory infiltration in the CNS by suppressing function of antigen-presenting cells.\[[@ref12]\] There is accumulating evidence for a possible protective role of vitamin D in the development and disease course of MS.\[[@ref13][@ref14][@ref15][@ref16][@ref17]\] Whether vitamin D is also effective in treating patients with ON is not known. We hypothesize that vitamin D treatment reduces axonal loss in ON patients primarily by its properties to modulate inflammation, and perhaps also by its neuroprotective properties.

Thickness of RNFL and macula can accurately be measured using optical coherence tomography (OCT). It is a fast, noninvasive, noncontact, transpupillary imaging method with highly reproducible procedures.\[[@ref6][@ref7][@ref18][@ref19][@ref20][@ref21]\] Several studies have suggested that peripapillary RNFL and macular thickness analysis may be used to detect axonal loss in ON and MS.\[[@ref19][@ref22]\] Estimation of the retinal thickness from the OCT is a technique that offers great potential in this field.\[[@ref6][@ref7][@ref18][@ref19][@ref22][@ref23][@ref24]\] The rapid changes in RNFL after acute ON make it useful for testing neuroprotective strategies over a short time frame.

In the present exploratory Phase II trial, we examined the therapeutic effect of vitamin D on the change of RNFL measurements in ON. Because vitamin D is cheap, easy to administer, and safe; even modest therapeutic effectiveness of this drug would be useful in the treatment of ON. The objective of this trial therefore was to test the hypothesis that vitamin D treatment will reduce thinning of RNFL in ON patients, as measured by OCT.

MATERIALS AND METHODS {#sec1-2}
=====================

This is an exploratory Phase II randomized parallel-group clinical trial to evaluate the effect of oral vitamin D on the retinal changes in patients with ON.

Patients {#sec2-1}
--------

The original study sample comprised of 74 consecutive patients with unilateral acute ON with symptoms present less \<72 h who sought treatment at our neurology and ophthalmology outpatient clinics of Isfahan University of Medical Sciences, Iran, between July 2011 and November 2012: of these, 52 returned for follow-up. ON was diagnosed by ophthalmologists on the basis of clinical presentation, presence Of decreased visual acuity and assessment of visual evoked potentials. Entry criteria were either gender, age between 15 and 50 years, unilateral ON, serum 25-hydroxyvitamin D (25(OH)D) level \<20 ng/ml, nonfulfillment of the McDonald criteria for MS\[[@ref25]\] at the time of inclusion in the study and a willingness to continue current medications for the duration of the study. Assessments of serum 25(OH)D level was carried out, and used to detect vitamin D insufficiency. Serum 25(OH)D was measured using a commercially available radioimmunoassay kit (DiaSorin, Stillwater, MN, USA). The normal range for serum 25(OH)D level was 30-100 ng/ml. Exclusion criteria were evidence of substantial abnormalities in neurological, psychiatric, cardiac, endocrinological, hematologic, hepatic, renal, or metabolic functions, use of medication that could influence the prognosis of ON (e.g., β-interferon) during the 6 months follow-up period, vitamin D supplement, any condition predisposing to hypercalcemia, nephrolithiasis, renal insufficiency and pregnancy as determined by history, physical examination, and screening blood tests. Patients who demonstrated poor compliance with instructions to take vitamin D or the placebo, or who failed to attend for follow-up visits, OCT scanning, and 25(OH)D measurements during the study were excluded. Women of child-bearing potential were required to use a clinically-accepted method of contraception. Tenets of the current version of the declaration of Helsinki and standards of good clinical practice according to the International Conference on Harmonization of Technical Requirements for registration of pharmaceuticals for human use were followed, the study protocol was approved by the Ethics Committee of Isfahan University of Medical Sciences (approval number 290090 dated April 28, 2011) and the nature of the trial was explained to all participants. After a detailed discussion with the neurologist, patients made a final decision and each participant provided written informed consent. This trial is registered on [www.clinicaltrials.gov](http://www.clinicaltrials.gov) (ID NCT01465893).

Randomization scheme {#sec2-2}
--------------------

A total of 83 patients were screened for the study, but nine patients were excluded because they declined to participate or did not meet inclusion criteria. Seventy-four patients were assigned randomly to one of the two self-administer treatment groups. Twenty-two patients were failed to attend for follow-up visits. Fifty-two patients (4 \[7.7%\] men, 48 \[92.3%\] women) completed the study without interruption. Patients were randomized according to a preexisting list produced by a computer program differed from a random number generator only in that it assigned equal numbers of participants into each treatment group. All patients received an intravenous single daily dose of methylprednisolone (1000 mg/day) for 3 days, followed by oral prednisone (1 mg/kg/day) for 11 days. The first treatment group received a single dose of 50,000 IU adjunct vitamin D3 (trade name Vitamin D3, Zahravi Pharm. Co., Tabriz, Iran) per week in the form of oral pearls and continued for 6 months. The second group received a similar pearl-shaped placebo for 6 months. Compliance with the study treatment was verified by asking the patients about missed doses and by counting unused pearls. All patients underwent pretreatment evaluation to record demographic data, complete neurologic and medical history, the finding of physical and neurologic examination, and previous treatment. [Figure 1](#F1){ref-type="fig"} illustrates the patient allocation algorithm. In the final sample of participants, mean (SD) age was 27.0 (5.2) years (range 15-38 years).

![Design of the trial to compare oral vitamin D (50,000 IU/week) versus placebo in patients with optic neuritis](JRMS-20-372-g001){#F1}

Ophthalmologic examination {#sec2-3}
--------------------------

Participants underwent a complete ophthalmologic examination, including best-corrected monocular visual acuity assessment, standard automated perimetry, and dilated fundoscopy using the biomicroscopic indirect ophthalmoscope. Participants underwent spectral domain OCT scanning of the macular area without dilating the pupil, using commercially available equipment (3D OCT-1000, Topcon Corp., Tokyo, Japan) on the same day of the ophthalmic evaluation. RNFL images were acquired by taking three circular 3.4 mm scans, centered on the optic disc, the mean of which was used to express RNFL thickness. Macular thickness maps were acquired by making six radial scans centered on the fovea, and by construction of a map from these scans. OCT was performed twice at the baseline and follow-up visit, and the mean value at each visit was used for the purpose of statistical analysis. OCT was done within 72 h of ON symptoms present. Criteria for acceptable 3D OCT-1000 fundus images included an absence of large eye movements, defined as an abrupt shift completely disconnecting a large retinal vessel, a consistent signal intensity level across the scan, and an absence of black bands (caused by blinking) throughout the examination. Six months later the participants were again examined, with OCT measurements performed in a similar fashion to the first visit. No patient had any other known ophthalmological disease.

Patient evaluation {#sec2-4}
------------------

The trial was single-blinded in that patients were unaware of the type of treatment each patient received. Masking of the active and placebo treatments was preserved by creating treatments that looked identical. The hospital pharmacist was informed of all randomization assignments and was responsible for labeling the study drug and maintaining a master list linking participants and their treatment assignments. Participants were evaluated by a qualified neurologist (MS) at baseline and 6 months after the start of the therapy to evaluate the development of side-effects of the medications, compliance, and disease activity.

The primary outcome measure was mean changes in RNFL measurements from baseline to 6 months after receiving vitamin D or placebo as measured by the OCT. Mean changes in the macular thickness were also measured for both groups.

Statistical analysis {#sec2-5}
--------------------

The sample size was calculated when the study was designed and was based on the comparison of two means. We estimated that 5 μm mean difference in RNFL may be clinically significant. We calculated that 33 patients per treatment group would be required to provide the study with approximately 80% power to detect (with a two-sided alpha of 0.05) a mean difference in RNFL between vitamin D and placebo groups assuming a standard deviation (SD) of 9, given an anticipated dropout rate of 20%.

Between-group comparison of changes was made using Mann--Whitney U-tests. Within group comparisons were undertaken using Wilcoxon sign-rank test, to determine differences between baseline and 6 months assessment of RNFL. Comparisons between proportions were undertaken using Chi-square or Fisher\'s exact test. Results are expressed as mean (SD) and *P* \< 0.05 was considered statistically significant. All statistical tests were two-sided. The analyses were undertaken using SPSS for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS {#sec1-3}
=======

Seventy-four patients entered the study and 22 dropped out. Patient compliance with treatment was good. All 52 patients who completed treatment were available for follow-up at 6 months. The two treatment groups were generally well matched at baseline with regard to age, gender, thickness of RNFL, and macular thickness of affected and unaffected contralateral eyes, 25(OH)D level and other ON characteristics. ON involved the right eye in 23 patients (44.2%) and the left eye in the remaining 29 (55.8%) patients. Mean (SD) age in the vitamin D and placebo groups were 27.3 (5.3) and 26.6 (5.3) years, respectively. Mean (SD) RNFL thickness at the start of treatment was 111.3 (19.9) μm in the vitamin D group and 113.7 (21.1) μm in the placebo group \[[Table 1](#T1){ref-type="table"}\].

###### 

Characteristics of patients with ON who received vitamin D or placebo at baseline

![](JRMS-20-372-g002)

Vitamin D treatment was well-tolerated and most of the adverse events reported were mild in severity. The most common side-effects of vitamin D were constipation (*n* = 5), dyspepsia (*n* = 4), fatigue (*n* = 3), and headache (*n* = 2). The most common side-effects of placebo were also constipation (*n* = 4), dyspepsia (*n* = 2), fatigue (*n* = 5), and headache (*n* = 1). There were no instances of urinary dysfunction or symptomatic nephrolithiasis. No, dose adjustment was necessary. There were no substantial differences between vitamin D and placebo groups in frequency or pattern of adverse events.

Mean thickness of RNFL and the macula before and after receiving vitamin D or placebo are shown in [Table 2](#T2){ref-type="table"}. In both groups, the average RNFL thickness decreased significantly. Of the 27 patients treated with vitamin D, the mean (SD) RNFL thickness decreased from 111.3 (18.9) μm at baseline to 91.4 (13.3) μm at the end of study period (*P* \< 0.001). In the 25 patients treated with placebo, the mean (SD) RNFL thickness decreased from 113.7 (21.5) μm at baseline to 96.1 (12.3) at the end of study period (*P* \< 0.001). After 6 months, the mean difference in change in RNFL thickness between vitamin D and placebo group was −4.7 (95% CI: −11.5, 2.8) μm (25%), indicating there is no evidence of an effect on the ON during the first 6 months of therapy in patients who received vitamin D compared to those who received the placebo.

###### 

Comparison of thickness of the macula and RNFL in 52 patients with ON before and 6 months after treatment with vitamin D and placebo

![](JRMS-20-372-g003)

Although not statistically significant, the mean thickness of the macula appeared to increase in unaffected eyes of both groups. In both groups, the mean macular thickness did not changed in affected eyes (*P* \> 0.05). There was no significant difference in the macula at the end of the study period between the vitamin D and placebo groups.

In both groups, the mean thickness of RNFL of the affected eyes compared with the unaffected contralateral eyes significantly decreased 6 months after vitamin D or placebo treatment. In vitamin D group, the difference in thickness of RNFL of the affected eyes compared with the unaffected contralateral eyes averaged (95% CI) −8.9 (−12.5, −5.2; *P* \< 0.001) μm. Correspondingly, in the placebo group, the difference in thickness of RNFL of the affected eyes compared with the unaffected contralateral eyes averaged (95% CI) −7.3 (−10.6, −4.0; *P* \< 0.001) μm \[[Table 3](#T3){ref-type="table"}\]. The mean change between pre- and post-study RNFL values in the affected eyes is almost similar at 19.9 and 17.6 microns in the two groups. In both groups, slight, but statistically significant, decrease in RNFL thickness was also observed between baseline and follow-up in unaffected contralateral eyes.

###### 

Comparison of thickness of the macula and RNFL in 52 pairs of eyes with and without ON before and 6 months after treatment with vitamin D and placebo

![](JRMS-20-372-g004)

DISCUSSION {#sec1-4}
==========

In this exploratory Phase II study, we found no significant difference in mean thickness of RNFL or macula between participants who took the placebo versus those who received adjunct oral vitamin D during 6 months. No unusual or unexpected safety risks were found with vitamin D therapy in our study population with ON. Previous studies have shown that vitamin D is fairly safe,\[[@ref14]\] especially in terms of its effects on the gastrointestinal tract.\[[@ref14]\] We did not find any significant differences between the active drug and the placebo in safety, and there were no distinct patterns in adverse events.

While the efficacy of vitamin D for treatment of MS has been examined in a few small trials with variable results,\[[@ref15][@ref16][@ref17][@ref23][@ref26][@ref27]\] to the best of our knowledge, no other studies are available comparing vitamin D with placebo in the preventing the progression of ON and this is the first randomized clinical trial to compare the effect of adjunct vitamin D in the preventing the progression of ON.

Several studies have performed OCT to assess RNFL thickness and macular volume in acute ON.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref18][@ref23]\] Our findings are consistent with other studies that found substantial reductions in RNFL thickness following a clinical episode of acute ON.\[[@ref3][@ref4][@ref5][@ref6][@ref7][@ref18][@ref23]\] Serial and single time point studies at variable intervals following the episode indicate that most of this RNFL loss is evident 3-6 months following the onset of visual dysfunction.

We found that RNFL was statistically thinner in ON when compared with contralateral normal eyes 6 months after treatment with vitamin D or placebo. This finding is consistent with the hypothesis that optic nerve axonal loss results in retrograde axonal degeneration.\[[@ref28]\]

Our findings are consistent with other studies that reported thinning of the RNFL in clinically unaffected eyes (i.e., eyes in which there has not been a previous clinical episode of ON) of people with MS when compared with healthy controls.\[[@ref3][@ref18][@ref23][@ref29]\] The reductions are less marked than those seen following ON, but nonetheless are statistically significant.

Albeit, this study is only placebo-controlled trials to date of effect of oral vitamin D on the thickness of RNFL and macula in ON patients the sample sizes may be small to allow detection of small changes in thickness of RNFL and macula between groups, and was limited by the loss to follow-up of 22/74 of the original baseline cohort. However, because the percentages and reasons for patients being lost to follow-up were not different between the vitamin D supplemented and placebo group, it is unlikely that the dropout rate affected the outcome of our study. The efficacy should therefore be tested in a larger sample. The present results clearly need to be replicated and extended across multiple centers and investigators. The mean macular thickness increased from baseline to 6 months in the unaffected eyes (presumably a chance effect) while macular thickness decreased slightly in the affected eyes and it could be argued that the mean macular thickness in unaffected eyes "regressed to the mean." Although substantial evidence supports the safety of even large dose of vitamin D, such evidence is based on studies of limited size and duration. The best level of 25(OH)D for health is uncertain. Many experts believe that blood levels of 25(OH)D above 30 ng/mL are adequate.\[[@ref30]\] A few studies also suggested that levels higher than 30 ng/mL may further help protect patients with MS.\[[@ref29]\] Therefore, our study suggests that the dose of 50,000 IU/week vitamin D in patients with insufficient serum 25(OH)D level may be considered relatively safe.

CONCLUSION {#sec1-5}
==========

This exploratory Phase II comparative trial of vitamin D supplementation and placebo showed that adding vitamin D to routine therapy had no significant effect on the thickness of RNFL or macula.
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